In the recent years, the multilayer networks have increasingly been realized as a more realistic framework to understand emergent physical phenomena in complex real world systems. We analyze a massive time-varying social data drawn from the largest film industry of the world under multilayer network framework. The framework enables us to evaluate the versatility of actors, which turns out to be an intrinsic property of lead actors. Versatility in dimers suggests that working with different types of nodes are more beneficial than with similar ones. However, the triangles yield a different relation between type of co-actor and the success of lead nodes indicating the importance of higher order motifs in understanding the properties of the underlying system. Furthermore, despite the degree-degree correlations of entire networks being neutral, multilayering picks up different values of correlation indicating positive connotations like trust, in the recent years. Analysis of weak ties of the industry uncovers nodes from lower degree regime being important in linking Bollywood clusters. The framework and the tools used herein may be used for unraveling the complexity of other real world systems.
Introduction
Complex network science revolves around the hypothesis that the behavior of complex systems can be explained in terms of the structural and functional relationships between their components by means of a graph representation [1] . The network framework provides cue into whether the structural environment confers opportunities for or constraints on individual action [2] . Social network formation is a complex process in which individuals create and deactivate social ties in order to simultaneously satisfy their goals under multiple (possibly conflicting) constraints. Dynamics of social behaviors ranging from opinions, cultural and linguistic traits, crowd behavior, hierarchy formation, social spreading and human dynamics and their connections have been investigated using various tools of statistical physics [3] . Essential to understanding the behavior of humans within their socioeconomical environment is the observation that they simultaneously play different roles in various interconnected social networks, such as friendship networks, communication networks, family, or business networks [4, 5] . This superposition of a number of networks is often termed as multilayer networks [6, 7] . In a multilayer network, on one hand, actions of individuals help in defining the topological structure of networks, and on the other hand, the topology constrains and shapes the possible actions of individuals [8] [9] [10] leading to a spurt in the activities of modeling real world complex systems and behavior, for example, multimodal transportation networks [11] , climatic systems [12] , the human brain [13] and failure and robustness [14] . It has recently been realized that neglecting the multilayer structure leads to wrong identification of the most versatile nodes, overestimating the importance of more marginal agents [15] .
In this study, we use a huge empirical social data drawn from the largest film industry in the world, Bollywood. This film industry has gained worldwide coverage by selling an estimated 3.6 billion tickets as compared to Hollywood's 2.6 billion as per CBFC 2006 statistics [16] . Furthermore, it is said to reflect or affect the decisions and preferences of the populace [17] . On one hand, Bollywood is driven by the underlying practices prevalent in the society, while on the other hand strongly influences the mass, thus acting as a mirror of the society [18] . Moreover, network studies on Bollywood data have demonstrated how changes in interactions of the underlying networks are associated with events occurring in the society [19] . Based on all the above, this film industry can be referred to as a model to understand and predict various aspects of society based on complex interaction patterns among the members.
We construct the Bollywood networks as follows: the nodes are the actors and interactions between a pair of actors is defined if they have co-acted in a movie. We assort the co-actor data comprising of movies and their corresponding actors. Owing to the rapidly changing nature of the society [20] , we divide the data into intervals of five years. This time frame on one hand is small enough to capture the minute changes shaping in the society and on the other hand is large enough so as to not miss out any prolific change occurring in the society. We take three such datasets in order to see how the properties of the networks change with time. Considering genres as layers, we construct multilayer networks for each time span. Our analysis using multilayer network approach, on one hand, reveals the importance of versatility of the nodes for their success, while on the other hand indicates the significance of interactions between all types of nodes in the model system. Emergence of cooperation with time is also revealed through our investigations.
Methods
Curation of data and network construction: We collect the Bollywood data from a reputed movie repository website [21] . We extract the names of all the movies, their sequential star cast list and genre information from 1998 to 2012 and segregate them into three datasets, each consisting of data for five years. We curate the movies and their details under 33 different genres. Many of the genres had very few movies and considering them separately would have yielded statistically insignificant results. Thus, we combine the genres having very few movies and categorize them as 'Others'. This gives us eight broad genres namely 'Action', 'Comedy', 'Drama', 'Romance', 'Thriller', 'Crime and Horror', 'Social' and 'Others'. We treat each genre as a layer of the multilayer social network. For a particular layer, a pair of actors i and j are connected if they have co-acted in a movie of the corresponding genre in the respective dataset. Thus, we obtain eight different sub-networks for each multilayer network corresponding the three datasets. For each layer α, the elements of the adjacency matrix, A α is given as
All the adjacency matrices are symmetric (i.e. A . Note that not every actor has worked in movies of every genre. Thus the number of nodes may differ across the genres. The lead male actors can be defined as the actors occupying the first position in the movie star cast providing an easy way of segregating lead actors and supporting actors. However, it may be possible that supporting actors have acted as lead actors in few movies appearing in the first position of the star cast [21] . Further, it is also possible that some actors have acted in only one or two movies, but in lead roles occupying the first position in star cast. In order to avoid such cases, we require a threshold for finding lead actors, which is a common practice used for construction of networks from real data, for instance in construction of gene coexpression networks [22] . Note that a very low value of threshold may bring in lot of the supporting actors in the list of lead actors, whereas a very high value of threshold may leave behind many known lead actors [39] . After conducting several trials with different threshold values, we find five movies to be the optimal criteria for all the three datasets. This broadly divides the actors into two types, one consisting of the lead male actors (denoted by L) and the other comprising of the rest of the actors, which includes both supporting actors and female actors (denoted by S).
Filmfare data assimilation: Of the different awards categories introduced over the years of cinematic heritage in Bollywood, the Filmfare awards, voted by the public and a committee of experts is one of the oldest and the most reputed one [23] . We extract the Filmfare award nominations data from the website chronologically [24] and count the number of times every actor is nominated in each five-year span. Instead of the awards bagged we rather take into account the award nominations in order to avoid the interplay of some kind of bias affecting the decision.
Dimers and triangles in one or more layers: If a dimer, a pair of interacting nodes, is present in only one of the eight layers, it is defined as a dimer unique to one layer. We such dimers are called dimers unique to one layer. If a dimer is present in only any two of the layers, we call it a dimer unique to two layers. Similarly, dimers unique to higher layers are defined. Further, if a triangle, a complete subgraph of order three, is present in only one of the eight layers, it is defined as a triangle unique to one layer. If a triangle is present in only any two of the layers, we call it a triangle unique to two layers. In a similar manner, triangles unique to higher layers are defined. Note that every lead actor appearing in unique LL and LS dimers or LLL, LLS, LSS and SSS triangles is counted only once, even if the lead actor has appeared in more than one unique LL, LS dimer or or LLL, LLS, LSS and SSS triangle.
Structural measures: We quantify the degree-degree correlations of a network by considering the Pearson (degree-degree) correlation coefficient, given as [25] 
where
l j are the degrees of nodes at both the ends of the l th connection and N c represents the total connections in the network.
In order to investigate the hypothesis of weak ties on networks [26] , we calculate the link betweenness centrality and overlap as follows. Link betweenness centrality for an undirected link e is defined as β L = v∈Vs w∈V /v σ vw (e)/σ vw , where σ vw (e) is the number of shortest paths between v and w that contain e, and σ vw is the total number of shortest paths between v and w. The overlap of the neighborhood of two connected nodes i and j is defined as
, where n ij is the number of neighbors common to both nodes i and j. Here d i and d j represent the degree of the i th and j th nodes.
Results
Structural properties of individual layers: The degree distribution of many of the layers follow power law, evaluated using maximum likelihood estimation [27] (values of parameters provided in Table S1 of [39] ). Rest of them resemble power law behavior, but the maximum likelihood method rejects the power law hypothesis. Further, we find that there is drastic increase in the size of the networks with time. In fact from 98-02 to 08-12, the size of the network becomes almost double (Table 1) . However, despite a drastic increase in size, the average connectivity of the nodes (actors) remain almost same across the three time spans (Table 1) indicating the average connectivity as an intrinsic property of the model system. Further, the average clustering coefficient ( C ), which measures the average connectivity of the neighbors [28] , depict much higher values for all the three datasets (Table 2 ) as compared those of the corresponding random networks (Table S2 of [39]), which is quite expected as various complex social and biological networks are known to exhibit high average clustering coefficient [1] .
(Dis)likelihood in connectivity uncovers cooperation in the recent times: The (dis)assortativity has emerged as an important structural measure, used for understanding (dis)likelihood in connectivity in the underlying systems [25] . Various social networks are known to be assortative, while many of the biological and technological networks are found to be disassortative [29] . We calculate the values of assortativity coefficient using Eq. 2 for the three networks without consideration of genres and find that all the networks exhibit a value of assortativity coefficient close to zero (Table  1) . Based on the rapidly changing nature of the society [20] , we may expect some changes reflected in the interaction behavior of the model system. But correlation in degrees without consideration of genres does not exhibit any change across time. However, in the following, we show how multilayer approach demonstrates changes in the interaction patterns with time. The networks corresponding to individual layers exhibit different values of assortativity coefficients ( Table 2 ). The same actors working in different genres may contribute differently to the assortativity coefficients of respective genres based on the degrees of their co-actors in each genre. Further, we generate an ensemble of corresponding random networks of the same size and same degree sequence [30] as of the Bollywood layers. The r values of different layers in the three time spans (Table 2) are significantly larger than their values in corresponding random networks (Table S3 of 
We find that the number of genres exhibiting assortative nature increase from the older to the latest dataset (Table 2) , though the entire networks without consideration of genres show neutral nature of degree correlations as discussed above. This is interesting in the light that networks with links having positive connotations like trust and endorsement have been shown to exhibit assortative mixing in degrees, while disassortativity has been related with negative connotations like disapproval and distrust [31] . The increase in the number of genres exhibiting assortativity, as we proceed from 98-02 to 08-12 dataset, can be related to the enhancement of positive connotations among the actors with time. This along with the fact that Bollywood has become more successful in the recent years [16, 32] might be an indication that trust is beneficial for success. This change in the network structure is also revealed in the next section while we are investigating the frequency of occurrence of actors in different genres under multilayer framework, relating intrinsic properties with their individual success.
Interplay of versatility and success: The way we construct the multilayer networks allows us to capture one more important property, i.e. versatility. Versatility, in the present context, can be referred to as the number of genres a particular actor has worked in [15, 33] . It is known to be a qualitative feature of actors [34] and entrepreneurs [35] and has been emphasized as a property of the ones excelling in multiple dimensions [36] . We find that the number of actors which includes all the lead and the supporting actors unique to one or more layers decrease with an increase in the number of layers (Fig. 1) . What stands interesting is that the number of lead actors, accounting to ∼ 1.2% of the total actors, that are unique to one or more number of layers consistently increase with an increase in the number of layers, which means that versatility is an intrinsic property of lead actors. It is noteworthy that none of the lead actors are found to be confined to only one layer ( Fig. 1) indicating that versatility is essential for lead actors. Such importance of versatility has also been reported in the biological systems, where the essential genes constituting a very small fraction of the total human genome encode proteins which have been known to participate in various signaling pathways [37] , which can be considered different layers. Akin to lead actors from the successful Bollywood industry [32] , these essential genes are very few in number [38] . The importance of these essential genes in various signaling pathways can be related to the significance of versatility in the success of lead actors. While the versatility of lead actors does not show any definite relation with their success, captured by the number of award nominations (Fig. 2(a) ), interestingly investigation of versatility in motifs exhibit relation with the properties of individual nodes forming these motifs. Since the nodes are of two types, namely L and S, various network motifs can be drawn on the basis of different combinations Table 2 : The properties of different layers of the Bollywood multilayer networks, 08-12 represented by 'i' superscript, 03-07 represented by 'ii' superscript and 98-02 represented by 'iii' superscript having size 3934, 3041 and 1899 nodes, respectively. Here N c , N, k , C and r, respectively, represent the number of connections, number of participating nodes, average degree, average clustering coefficient and assortativity coefficient for each layer. Note that the social genre has r value 1 in the 98-02 dataset owing to only five movies in that genre. None of the actors have acted in more than one movie in that genre. This gives rise to five complete subgraphs rendering r value one. of these nodes, such as LL and LS dimers, which are motifs of order two and LLL, LLS, LSS and SSS triangles, which are motifs of order three. Similar to the versatility of individual nodes, considering multilayer network approach, we define the versatility of motifs as the number of layers they appear.
In the following, we show how existence of two types of nodes in the versatile motifs provides us a relation between the success of lead actors and the type of actors they work with. We find that the average number of award nominations of lead actors remains largely independent of the type of node they are paired up with (Figs.2(b) , (c) and (d)). This behavior is found to be the same across the three datasets. However, when actor dimers are present in more than six layers, the lead actors in LS dimers emerge more successful as compared to those in LL dimers (Figs. 2(b) , (c) and (d)). This indicates that interactions between dissimilar types of nodes is more beneficial when these interacting partners are versatile. Only one LL dimer in 03-07 dataset defies this trend owing to the exceptional success of the actor pair in the film industry (discussed in supplementary material [39] ). Further, we investigate the relation between versatility in triangles and the success of lead nodes. We find that the success behavior of lead actors in triangles is different from that of those in dimers. As plotted in Figs. 2(e), (f) and (g), when triangles are present in less number of layers, the average number of award nominations of lead actors in unique LLL triangles are higher than those in unique LLS and LSS triangles. Although, as discussed, appearing in LL dimers does not considerably affect the success of lead actors, appearing in LLL triangles stands beneficial for their success. Furthermore, the relation between versatility of triangles and success of lead actors for LLS and LSS triangles is different from that followed by LLL triangles (Figs. 2(e), (f) and (g) ). This indicates that the higher order interaction patterns can have different behavior as compared to lower order. Note that the standard deviations of award nominations are quite high for many of the datasets (Table S4 of [39] ), indicating the existence of very high as well as very low award nominations in those datasets. These large standard deviations indicate that on average, not all the lead actors in LS category are more successful than all the lead actors in LL category, but at least one or few of them together in LS category have more award nominations than one or few of them together in LL category. Just to have a unified measure for assessing the success, we consider the average award nominations. The analysis done here so far reveals the relation of the success behavior of individuals with the changes in the interaction patterns between two different types of the nodes. In the following, analysis of the properties of links reveals a third category of nodes which help in linking different Bollywood clusters.
Importance of every node: An important proposition of sociology is the 'Weak ties hypothesis' which was initially proposed by Granovetter [40] . We use this concept in the context of networks, where the ties having low overlap in their neighborhoods (i.e. less number of common neighbors) are termed as the weak ties as per Onnela [26] . These weak ties have high link betweenness centrality and are the ones known to bridge different communities [4, 26] . In our study, we find that the overlap of ties exhibits negative correlation with their link betweenness centrality (Fig. 3) , i.e. the ties with less overlap have tendency to have high link betweenness centrality. We then investigate the properties of the end nodes of the ties having low overlap and high link betweenness centrality and find that these nodes are actors who are mostly neither lead actors, defined based on their position of appearance in the movie star cast, nor they are popular supporting actors (high degree nodes). In fact, these nodes appear in lower degree regime and can be considered to form a third category of the nodes. Details of correlation values of overlap and link betweenness centrality, and list of actors forming weak ties with high link betweenness centrality along with their degrees are provided in supplementary material [39] . Earlier works [19] having already emphasized the importance of high and moderate degree nodes, this result here picks up relatively lower degree nodes which are important in linking different Bollywood clusters, reflecting the importance of all types of the nodes.
Conclusion
Various real world complex systems encompass multiple types of interactions [41] and hence the multilayer networks provide a better framework for investigating the underlying properties of such systems. We find an increase in the number of assortative genres in the film industry with time indicating increase in trust among interacting partners [31] . Since this data is drawn from a system which has gained progressive success over the years [32] , positive connotations can be considered a factor underlying its success. Using the multilayer framework, we evaluate the frequency of occurrence of actors in different layers, termed as versatility, which emerges as an intrinsic property of lead actors. Furthermore, apart from the existence of various genres representing layers, the presence of two types of nodes provides a richer framework for investigating the versatility of motifs. Our analysis reveals that the success behavior of lead actors appearing in unique triangles is different from those working in dimers, which suggests that higher order motifs can provide a different insight about a system. The results here are drawn based on dimers and triangles as analysis of higher order motifs comprising of lead actors would not yield significantly comparable results since the number of lead actors are very less. Motifs are known to be the basic building blocks of various social, technological and biological networks [42] , hence this mode of analysis can be extended to other systems which have considerably high number of (dis)similar nodes, for instance predator-prey networks [43] in order to identify the factors governing the stability of these natural communities [44] . Furthermore, the analysis of the weak ties reveal the involvement of lower degree nodes in holding the system together, thus demonstrating the importance of all types of nodes which are defined here based on their degrees.
While in this study, we segregate the movie co-actor data into layers based on genres, the segregation of genres based on the type of emotion, either positive or negative, can further yield interesting results. Such investigations on the relation between types of neighboring nodes and individual properties in genres with positive and negative emotions can be one of the aspects of future investigation and might attract research in disciplines like psychology [45] . We evaluate the significance of power law in the different Bollywood subnetworks of three time spans by using maximum-likelihood fitting methods with goodness-of-fit tests based on the KolmogorovSmirnov (KS) statistic and likelihood ratios. The power-law hypothesis is accepted if the p-value is ≥ 0.05. Threshold for enlisting lead actors: A very low value of threshold brings in lot of the supporting actors in the list of lead actors, whereas a very high value of threshold may leave behind many known lead actors. For 08-12 dataset, decreasing the threshold from 5 to 4 movies increases the count of lead actors from 44 to 62, while increasing the threshold to 6 movies decreases the count to 27. For 03-07 dataset, decreasing the threshold from 5 to 4 movies increases the count of lead actors from 33 to 45, while increasing the threshold to 6 movies decreases the count to 24. For 98-02 dataset, decreasing the threshold from 5 to 4 movies increases the count of lead actors from 19 to 27, while increasing the threshold to 6 movies decreases the count to 15 .
Acknowledgements

Supplementary Material
SI
Exception in LL dimers: Note that in the 03-07 dataset, there is only one LL actor pair Amitabh Bachchan -Abhishek Bachachan the father-son duo who have appeared in all the eight genres. It has already been discussed in our earlier work that Amitabh Bachchan has always had a SI successful realm and visibly stands out of the domain of our analysis and defies the common trends. Taking this aspect into consideration, we do not consider this LL actor pair in our analysis. Table 8 : Pair-wise analysis of actors uniquely common to one, two or more layers in 08-12, 03-07 and 98-02 datasets. N pair denotes the number of pairs that are uniquely common to one or more layers and r pair gives the average of the degree-degree correlation of these actor pairs. P LL , P LS and P SS represent the number of lead-lead, lead-supporting and supporting-supporting actor pairs uniquely common to one, two or more layers. Layers N 
